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Abstract 

Introduction: Until now, studies on paracetamol given intravenously have mainly been performed with the pro- 
drug propacetamol or with paracetamol in preterm babies above 32 weeks of gestation. Studies in these babies 
indicate that intravenous paracetamol is tolerated well, however studies on the efficacy of intravenous paracetamol 
are lacking. There are no pharmacokinetic data on the administration of multiple doses of paracetamol in preterm 
babies with a gestational age below 32 weeks. 

Case presentation: We present a case series of nine Caucasian preterm babies, six boys and three girls, with a 
mean gestational age of 28.6 weeks (range 25.9 to 31.6 weeks). Case one, a girl with a gestational age of 25 weeks 
and six days, presented with necrotizing enterocolitis. In the second case, a female baby with a gestational age of 
26 weeks and two days presented with hematoma. In case three, a female baby with a gestation of 26 weeks and 
one day developed intraventricular hemorrhage. In case four, a male baby with a gestational age of 31 weeks and 
four days presented with pain after vacuum delivery. Case five, a female baby born after a gestation of 29 weeks 
and six days presented with hematoma. In case six, a male baby with a gestation of 30 weeks and six days 
presented with hematoma. In case seven, a male baby, born with a gestational age of 30 weeks and six days, 
presented with caput succedaneum and hematoma. In case eight, a male baby, born after a gestation of 28 weeks 
and four days, developed abdominal distention. Case nine, a female baby, born with a gestational age of 27 weeks 
and three days presented with hematoma. These babies were treated with intravenous paracetamol 15 mg/kg 
every six hours. Serum concentrations and aspartate transaminase were determined after prolonged administration. 
Pain scores were assessed using the Premature Infant Pain Profile. 

Conclusion: Paracetamol serum concentrations ranged from 8 to 64 mg/L after eight to 12 doses of intravenous 
paracetamol. Adequate analgesia was obtained in seven babies. During paracetamol therapy the median serum 
level of aspartate transaminase was 20 U/L (range 12 to 186 U/L). This case series indicates that prolonged 
intravenous administration of paracetamol in preterm babies with a gestational age of less than 32 weeks is 
tolerated well in the first days after birth. However, in the absence of proper pharmacokinetic data in this age 
group we cannot advocate the use of paracetamol intravenously. 



Introduction 

Pain management in newborns is limited by the availabil- 
ity of only a few analgesics. The use of opiates in new- 
borns is limited because of potential clinical side effects. 
As an alternative to opiates, paracetamol is a well-known 
analgesic in children without significant side effects. 
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There are only limited data on the use of paracetamol in 
the newborn. The first drafts of the evidence-based 
guideline regarding pain management in children of the 
Dutch Pediatric Society supported the intravenous 
administration of paracetamol (15 mg/kg every six hours) 
in babies. In advance of the guideline we introduced 
intravenous administration of paracetamol to preterm 
babies in our neonatal intensive care unit to reduce the 
use of opiates. As a safety precaution we determined 
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serum levels of paracetamol and aspartate transaminase 
in babies with intravenous paracetamol 

After the release of the final version of the nationwide 
evidence-based guideline on pain assessment and manage- 
ment in children, it became clear that the guideline 
restricted intravenous administration of paracetamol to 
term babies after the first month [1]. After the release of 
the final guideline we discontinued the local policy of 
intravenous administration of paracetamol in preterm 
babies. The Institutional Review Board/Independent Ethics 
Committee was informed afterwards and concluded that 
the presented data were obtained legally according the 
Dutch Law on Medical Research with Humans (WMO). 

Though the case series of nine is achieved in an unu- 
sual manner, we consider the data on paracetamol levels 
in preterm babies below 32 weeks of gestation as rele- 
vant information for future clinical studies. 

Case presentations 

Case one 

A Caucasian female baby was admitted to our NICU after 
a gestation of 25 weeks and six days. Although delivery 
started in the hospital the one minute Apgar score is not 
available because no health care provider was present at 
the time of birth. Her five minute Apgar score was six and 
her birth weight was 890 grams (p50-75). During the third 
week of life she developed necrotizing enterocolitis grade 
one according to Bell's criteria. She received 15 mg/kg 
intravenous paracetamol every six hours, with a total of 
four doses. Co-medications were antibiotics and ranitidine. 
Pain score, as measured with the Premature Infant Pain 
Profile (PIPP) decreased from 10 to eight (12 or more 
reflects moderate to severe pain). After 24 hours paraceta- 
mol was discontinued because of low PIPP scores. The 
paracetamol serum level determined four hours after the 
last dose was 24 mg/L. 

Case two 

A Caucasian female baby, born with a gestational age of 26 
weeks and two days, was admitted with respiratory failure 
to our NICU. She was intubated shortly after delivery. 
Apgar scores were one and five after one and five minutes 
respectively. Birth weight was 680 grams (p5-10). Because 
of hematoma she received 15 mg/kg intravenous paraceta- 
mol every six hours. Therapy was started four hours after 
birth. She received a total of six doses. Pain scores 
decreased from 10 to nine only. Co-medications were anti- 
biotics and caffeine. The paracetamol serum level, which 
was determined three hours after the last dose, was 
29 mg/L. 

Case three 

A Caucasian female baby was admitted to our NICU 
after a gestation of 26 weeks and one day. Shortly after 



birth she developed respiratory failure and was intu- 
bated. Apgar scores were one and five after one and five 
minutes, respectively. Her birth weight was 800 grams 
(p25-50). She developed a grade three intra-ventricular 
hemorrhage for which morphine was started. Further 
co-medications were antibiotics. In an attempt to stop 
morphine, paracetamol was started, in a dose of 15 mg/ 
kg every six hours. Pain scores were below six during 
morphine and remained so during paracetamol mono- 
therapy. She received six doses of paracetamol and the 
serum level was determined 20 hours after the last dose. 
The serum level was 12 mg/L. 

Case four 

A Caucasian male baby, born with a gestational age of 31 
weeks and four days, was admitted to our NICU after 
vacuum delivery. Apgar scores were eight and nine after 
one and five minutes, respectively. His birth weight was 
1600 grams (p25-50). He received 15 mg/kg of intravenous 
paracetamol every six hours for a total of eight doses. Pain 
scores decreased from 14 before start of therapy to nine 
during therapy. The paracetamol serum level was deter- 
mined 10 hours after the last dose and was 25 mg/L. 

Case five 

A Caucasian female baby, born after a gestation of 29 
weeks and six days, was admitted with hematoma due to 
traumatic birth and breech delivery to our NICU. After 
birth she received cardiopulmonary resuscitation because 
of apnea and bradycardia. Apgar scores were one and six 
after one and five minutes, respectively. Her birth weight 
was 1300 grams (p25). She was diagnosed with hema- 
toma and received 15 mg/kg of intravenous paracetamol 
every six hours starting five hours after birth. She 
received a total of nine doses of paracetamol. One hour 
after the last dose her paracetamol serum level was 
46 mg/L. Thirty hours later the serum level was deter- 
mined again and was < 5 mg/L. Co-medications con- 
sisted of antibiotics and caffeine. Pain scores decreased 
from 16 before start of paracetamol to nine during 
therapy. 

Case six 

A male Caucasian baby was admitted to our NICU after a 
gestation of 30 weeks and six days. Birth took place in a 
peripheral hospital and was complicated by breech presen- 
tation and forceps delivery. Apgar scores were two and 
seven after one and five minutes, respectively. Birth weight 
was 1480 grams (p25). In the first hours of life he devel- 
oped respiratory failure and was intubated. The baby 
showed extensive hematoma for which 15 mg/kg of intra- 
venous paracetamol every six hours was started. He 
received a total of 10 doses. Three hours after the last dose 
his paracetamol serum level was 64 mg/L. Co-medications 
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were antibiotics and caffeine. Pain scores decreased from 
10 before therapy to six during therapy. 

Case seven 

A Caucasian male baby, born with a gestational age of 
30 weeks and six days, was admitted to our NICU after 
an uneventful preterm delivery. The Apgar scores were 
nine and 10 after one and five minutes, respectively. His 
birth weight was 1755 gram (p50-75). He was diagnosed 
with caput succedaneum and also had a small hema- 
toma on one of the upper limbs. Due to high pain 
scores he received 15 mg/kg of intravenous paracetamol 
every six hours starting two hours after birth. He 
received a total of 11 doses of paracetamol. His serum 
paracetamol level was 37 mg/L four hours after the last 
does. He received no co-medication. Pain scores 
decreased from 14 before start of paracetamol to seven 
during analgesic therapy. 

Case eight 

A Caucasian male baby, born after a gestation of 28 
weeks and four days, was admitted with respiratory fail- 
ure due to respiratory distress syndrome to our NICU. 
Apgar scores were four and eight after one and five 
minutes, respectively. His birth weight was 860 grams 
(p25-50). He developed severe abdominal distention on 
the second day of life and received 15 mg/kg of intrave- 
nous paracetamol every six hours for a total of 14 doses. 
There were no radiological signs of necrotizing entero- 
colitis and his condition improved over the next few 
days. Co-medications were antibiotics and caffeine. Five 
hours after the last dose his paracetamol serum level 
was 8 mg/L. Pain scores decreased from 14 before start- 
ing paracetamol to three during therapy. 

Case nine 

A Caucasian female baby, born with a gestational age of 
27 weeks and three days was admitted to our NICU 
after preterm rupture of membranes and an uncompli- 
cated delivery. Apgar scores were six and nine after one 



and five minutes, respectively. Her birth weight was 990 
gram (p50). Due to hematoma and subsequent high 
pain scores (14) she received 15 mg/kg of intravenous 
paracetamol every six hours. She received a total of 17 
doses. Due to inadequate analgesic effect 10 (ig/kg/hour 
morphine was started during paracetamol therapy. Her 
paracetamol serum level, determined seven hours after 
the last dose, was 61 mg/L. 

Table 1 summarizes the clinical data of the nine 
babies. 

Figure 1 shows the paracetamol serum concentrations 
of the nine babies, related to the number of doses. In 
seven babies the serum levels of paracetamol (the black 
dots) are < 50 mg/1 (grey area), the upper margin value 
found by Palmer for babies > 32 weeks of gestation [2]. 
The highest serum concentration (64 mg/1) was far 
below 150 mg/1 (indicated by the dotted grey horizontal 
line), which has been reported as a toxic value in chil- 
dren [3]. 

Discussion 

We administered intravenous paracetamol in a dose not 
supported by literature. The dose we used in preterm 
babies of less than 32 weeks gestation is being used in 
term babies, and is not a result of miscalculation due to 
the differences in formulations of propacetamol and 
paracetamol [4]. 

Until now, most studies on intravenous paracetamol 
have been performed with propacetamol in preterm 
babies above 32 weeks of gestation. Propacetamol is a 
pro-drug of paracetamol and is hydrolyzed by plasma 
esterases after intravenous administration such that 1 g 
of propacetamol is hydrolyzed to 0.5 g of paracetamol 
[4-6]. To our knowledge this is the first report of para- 
cetamol concentration data in preterm babies below 32 
weeks of gestation, in whom multiple dose intravenous 
paracetamol (Perfalgan®) was administered for non-sur- 
gical analgesia in the first hours after birth. 

This case series indicates that in preterm babies below 
32 weeks intravenous paracetamol is tolerated well. In 



Table 1 Clinical data of the case series 


Cases 


Gestational age 


Birth weight 


Duration of 


Start therapy (hr after 


Interval last dose-blood 


Serum concentration 




(wk) 


(g) 


therapy (hr) 


birth) 


sample (hr) 


(mg/L) 


1 


25.9 


890 


24 


408 


4 


24 


2 


26.4 


680 


36 


4 


3 


29 


3 


26.1 


800 


36 


72 


20 


12 


4 


31.6 


1600 


48 


1 


10 


25 


5 


29.9 


1300 


54 


5 


1 


46 


6 


30.9 


1480 


60 


1 


3 


64 


7 


30.9 


1755 


66 


2 


4 


37 


8 


28.6 


860 


84 


37 


5 


8 


9 


27.4 


990 


102 


1 


7 


61 
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Figure 1 Paracetamol serum levels in relation to number of doses. In seven babies the serum levels of paracetamol (the black dots) are < 
50 mg/L (grey area), the upper margin value found by Palmer for babies > 32 weeks of gestation [2]. The highest serum concentration (64 mg/ 
L) was far below 150 mg/L (indicated by the dotted grey horizontal line), which has been reported as a toxic value in children [3]. 



seven babies we found serum concentrations below 50 
mg/1, the upper margin value reported by Palmer [2]. In 
two subjects serum values were around 60 mg/L During 
paracetamol therapy we found no indications for liver 
failure. 

Although the therapeutic window for paracetamol in 
children is assumed to be 10-20 mg/1, there is no con- 
sensus on dosage regimens for intravenous administra- 
tion of paracetamol in babies [7]. Allegaert, using 
propacetamol, suggests a maintenance dose of 20 mg/kg 
every 12 hours for babies below 31 weeks gestational 
age after a loading dose of 30 mg/kg propacetamol [4]. 
Using this dose, Allegaert was not able to show signifi- 
cant analgesic effect [5], However, with a maintenance 
dose of 12.5 mg/kg every six hours Allegaert showed 
analgesic effects [6]. Autret suggests a maximum of 7.5 
mg/kg every 6 hours after a loading dose of 15 mg/kg 
propacetamol in newborns for antipyretic effects [8]. 
Autret did not study the analgesic effect. In term new- 
borns, de la Pintiere describes a maintenance dose of 
intravenous propacetamol of 120 mg/kg/day, equivalent 
to paracetamol 60 mg/kg/day [9]. 

Limited data is available concerning the pharmacoki- 
netics of propacetamol and paracetamol [2,5,6,10]. Both 
Allegaert and Palmer found serum levels of paracetamol 
between < 6 and 50 mg/1, after a single dose of propace- 
tamol and multiple doses of intravenous paracetamol, 
respectively. Note that Palmer included preterm babies 
above 32 weeks of gestation [2]. In a letter to the editor, 
Bartocci et al report their Stockholm experience of post- 
operative analgesia with intravenous morphine and para- 
cetamol (maintenance dose 7.5 mg/kg every eight hours) 
in newborns with a postconceptional age between 25 
and 42 weeks [11]. From the letter, however, it is 
unclear at what postnatal age paracetamol is given and 
no paracetamol concentration data are shown. 



Several cases report accidentally given overdoses of 
propacetamol or paracetamol. Two doses of approxi- 
mately 300 mg/kg propacetamol (equivalent to 150 mg/ 
kg paracetamol) at a 6 hour interval given to a term 
baby, resulted in a serum level of 166 mg/1 without 
signs or symptoms of liver failure [9]. Two babies born 
prematurely after maternal overdose of paracetamol had 
serum concentrations of 76 and 260 mg/1 respectively, 
without apparent adverse effects [12,13]. A paracetamol 
overdose in a preterm baby resulted in a serum concen- 
tration of 121 mg/1 [14]. 

Recently, Bristol-Myers Squibb Pharmaceuticals Ltd 
issued a letter with drug safety information concerning 
accidental overdose in 23 world wide cases. All were 
babies younger than one year, one of whom died. Scope 
of the letter was a raising concern on the possible con- 
fusion in prescribing ml/kg instead of mg/kg, leading to 
a tenfold overdose [15]. The letter does not provide 
information on serum levels or liver functions in these 
cases. 

Conclusion 

This case series is not a formal pharmacokinetic study. 
Obviously, the small sample size and the single serum 
concentration limit a pharmacokinetic interpretation of 
paracetamol therapy in preterm babies. Still, this case 
series of nine very preterm babies indicates that parace- 
tamol administration in a maintenance dose of 15 mg/ 
kg/day every six hours results in paracetamol concentra- 
tions that are in the range of others [2,5,10]. It suggests 
that intravenous paracetamol is tolerated well in the 
first hours after birth in very preterm babies. However, 
since proper pharmacokinetic data in this age group is 
still lacking, we cannot advocate the use of paracetamol 
intravenously based on our observations. It is obvious 
that future studies should target determination of dosing 
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regimens to achieve maximum analgesic effect (efficacy) 
without adverse effects (tolerance) in newborns in the 
first four weeks after birth. 

Consent 

Written informed consent was obtained from the par- 
ents of the patients for publication of this case report. A 
copy of the written consent is available for review by 
the Editor-in-Chief of this journal. 

Acknowledgements and Funding 

We would like to thank the parents of the babies for their consent to 
publish the data. We would also like to state that our study was not funded 
in any way. 

Author details 

department of Pediatrics, Division of Neonatology, Maxima Medical Centre, 
De Run 4600, 5504 DB Veldhoven, The Netherlands. 2 Princess Amalia 
Department of Pediatrics, Division of Neonatology, PO Box 10400, 8000 GK 
Zwolle, The Netherlands, department of Clinical Pharmacy, Maxima Medical 
Center, De Run 4600, 5500 DB Veldhoven, The Netherlands. 



11. Bartocci M, Lundeberg S: Intravenous paracetamol: the 'Stockholm 
protocol' for postoperative analgesia of term and preterm neonates. 

Paediatr Anoesth 2007, 1 7:1 1 20-1 1 21 . 

12. Lederman S, Fysh WJ, Tredger M, Gamsu HR: Neonatal paracetamol 
poisoning: treatment by exchange transfusion. Arch Dis Child 1983, 
58:631-633. 

13. Roberts I, Robinson MJ, Mughal MZ, Ratcliffe JG, Prescott LF: Paracetamol 
metabolites in the neonate following maternal overdose. Br J Clin 
Pharmacol 1984, 18:201-206. 

14. Isbister GK, Bucens IK, Whyte IM: Paracetamol overdose in a preterm 
neonate. Arch Dis Child Fetal Neonatal Ed 2001, 85:F70-F72. 

15. Campello-lddison V: Direct Healthcare Professional Communication on 
serious cases of accidental overdose reported in infants and children 
with intravenous paracetamol 10 mg/mL solution for infusion. Middlesex, 
Bristol-Myers Squibb Pharmaceuticals Ltd; 2010. 



doi:1 0.1 186/1 752-1 947-6-1 

Cite this article as: van Ganzewinkel et al:. Paracetamol serum 
concentrations in preterm infants treated with paracetamol 
intravenously: a case series. Journal of Medical Case Reports 2012 6:1. 



Authors' contributions 

CG was responsible for data collection, analysis and drafted the paper. PA 
analyzed the data, reviewed the paper, and was a major contributor in 
writing the manuscript. TM contributed to data collection and reviewed the 
paper. LD analyzed the data and reviewed the paper. RL reviewed the 
paper. All authors read and approved the final manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 21 December 2010 Accepted: 4 January 2012 
Published: 4 January 2012 



References 



10. 



NVK. Richtlijn Pijnmeting en Behandeling van pijn bij kinderen. 29-2- 
2008. [http://www.nvk.nl/Kwaliteit/Richtlijnenenindicatoren/Richtlijnen/ 
Pijnmetingenbehandelingvan/tabid/348/language/nl-NL/Default.aspx]. 
Palmer GM, Atkins M, Anderson BJ, Smith KR, Culnane TJ, McNally CM, 
Perkins EJ, Chalkiadis GA, Hunt RW: I.V. acetaminophen pharmacokinetics 
in neonates after multiple doses. Br J Anaesth 2008, 101:523-530. 
Hansen TG, O'Brien K, Morton NS, Rasmussen SN: Plasma paracetamol 
concentrations and pharmacokinetics following rectal administration in 
neonates and young infants. Acta Anaesthesiol Scand 1999, 43:855-859. 
Allegaert K, Murat I, Anderson BJ: Not all intravenous paracetamol 
formulations are created equal. Paediatr Anaesth 2007, 17:811-812. 
Allegaert K, Van der Marel CD, Debeer A, Pluim MA, van Lingen RA, 
Vanhole C, Tibboel D, Devlieger H: Pharmacokinetics of single dose 
intravenous propacetamol in neonates: effect of gestational age. Arch 
Dis Child Fetal Neonatal Ed 2004, 89:F25-F28. 
Allegaert K, Anderson BJ, Naulaers G, de HJ, Verbesselt R, Debeer A, 
Devlieger H, Tibboel D: Intravenous paracetamol (propacetamol) 
pharmacokinetics in term and preterm neonates. Eur J Clin Pharmacol 
2004, 60:191-197. 

Arana A, Morton NS, Hansen TG: Treatment with paracetamol in infants. 

Acta Anaesthesiol Scand 2001, 45:20-29. 

Autret E, Dutertre JP, Breteau M, Jonville AP, Furet Y, Laugier J: 

Pharmacokinetics of paracetamol in the neonate and infant after 

administration of propacetamol chlorhydrate. Dev Pharmacol Ther 1993, 

20:129-134. 

de la Pintiere A, Beuchee A, Betremieux PE: Intravenous propacetamol 
overdose in a term newborn. Arch Dis Child Fetal Neonatal Ed 2003, 88: 
F351-F352. 

Anderson BJ, Pons G, utret-Leca E, Allegaert K, Boccard E: Pediatric 
intravenous paracetamol (propacetamol) pharmacokinetics: a population 
analysis. Paediatr Anaesth 2005, 1 5:282-292. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



BioMed Central 



v. 



